The innate immune receptors, such as toll-like receptor 3 (TLR3), melanoma differ- LGP2 expression in tumor tissues could predict a favorable outcome in NB patients independent of other prognostic factors. In short, LGP2 was effective in promoting poly (I:C)-induced NB suppression and cytoplasmic LGP2 can serve as an independent favorable prognostic factor in NB patients.
low-risk NB patients tend to exhibit higher levels of innate immune response, 5 suggesting the potential involvement of the innate immune reaction in NB progression.
Cytosolic retinoic acid-inducible gene (RIG)-I-like receptors (RLR)
recognize viral double-stranded (ds) RNA to initiate innate immune responses against pathogens. 6 Laboratory of genetics and physiology 2 (LGP2), an RLR family member with the highest RNA-binding affinity, shares homologous DECH-box helicase regions with melanoma differentiation-associated 5 (MDA5) and RIG-I. Nevertheless, LGP2 is ineffective in triggering downstream signaling by itself due to a lack of tandem N-terminal interacting caspase activation and recruitment domains (CARD) to interact with mitochondrial antiviral-signaling protein (MAVS). 7 Among these innate immune receptors, MDA5
senses virus-derived long dsRNA (>1 kbp), whereas RIG-I is responsible for the recognition of short dsRNA (<1 kbp). 8, 9 Intriguingly,
LGP2 has both positive and negative effects on the regulation of MDA5 and RIG-I signaling. While LGP2 binding with RNA can promote MDA5 activation, LGP2 may also function as an inhibitor of MDA5 signaling during Sendai virus infection. 10, 11 Moreover, LGP2
may display a biphasic switch to activate MDA5 and RIG-I in a concentration-dependent manner. 12 Toll-like receptor 3 (TLR3) and MDA5 have been implicated in the tumor behavior and therapy of NB. [13] [14] [15] [16] [17] Stimulation with either high molecular weight (HMW) or low molecular weight (LMW) polyinosinic-polycytidylic acid [poly (I:C)] can upregulate MDA5 and RIG-I expression in NB cell lines. 13 However, poly (I:C)-induced NB suppression effect is still limited by induction of MDA5 and TLR3 alone. 16 In human melanoma cells and in NOD/SCID mice inoculated with human lung cancer cells, both MDA5 and RIG-I are involved in proapoptotic signaling. 18 Endogenous MDA5 and ATP hydrolysis activity are required for poly (I:C)-stimulated LGP2 signaling, which is independent of RIG-I. 19, 20 In this study, we aimed to clarify the significance of LGP2 expression in poly (I:C)-induced NB cell death as well as in clinical tumor behavior. 
| MATERIALS AND METHODS

| Cells and mice
Human
| Immunohistochemistry
Laboratory of genetics and physiology 2 protein expression in human tumor specimens and in the SK-N-AS xenograft tissues was assessed by immunohistochemical analysis. Immunohistochemical staining was performed as previously described. 15 Paraffin sections (2 μm) cut from formalin-fixed paraffin-embedded block of the xenograft tissue (day 17, n = 3/each group; day 27, n = 5/each group) were incubated overnight at 55°C, and then deparaffinized in xylene and hydrated. 
| Immunoblotting
Lysates for immunoblotting were prepared from isolated NB cells after treatment with 50 μg/mL of polyinosinic-polycytidylic acid 
| Immunoprecipitation
| Flow cytometric analysis of apoptosis, cell viability and cell cycle
Apoptosis and cell viability cells were measured by flow cytometric analysis following propidium iodide (PI; BD Biosciences, San
Jose, CA, USA) staining and trypan blue exclusion assays (BioWhittaker, MD, USA), respectively. After siRNA or plasmid transfection, cells were harvested and incubated in PBS containing PI (2.5 μg/mL) for 15 minutes or .04% trypan blue for 10 minutes at room temperature. The staining procedure was performed as described previously 13 and analyzed using a FACS (BD Biosciences).
The 
| Ethics statement
| Statistical analysis
The data represent at least triplicate analyses for each experiment and are expressed as mean ± standard deviation (SD). Statistical comparisons between groups were conducted using the 2-tailed Student's t test for continuous data and the χ 2 -test for categorical data.
Survival analysis was performed using the Kaplan-Meier method with the Wilcoxon log-rank test for comparing differences between groups. P-values < .05 were considered to indicate statistical significance. Figure 1A ). This finding was similar to that of MDA5 as reported in our previous study. 13 We have shown the therapeutic results of poly (I:C) treatment that can inhibit tumor growth in mice bearing subcutaneous SK-N-AS xenografts. 15 In this study, poly (I:C) administration strongly enhanced LGP2 expression in tumor tissues of SK-N-AS xenograft, and SK-N-DZ xenograft was used as a negative control ( Figures 1A,S1 ). LGP2 cDNA and poly (I:C) ( Figure 2E ). However, except for MAVS, the protein level changes in Bcl-2/Noxa/t-Bid after poly (I:C) treatment were less significant in mRNA levels ( Figures 2E,S2C ). In the cell cycle, we also found an increase in the rate of cells in Sub-G0 phase when cells were LGP2-overexpressed or treated by poly (I:C) ( Figure S7 ). Table 1 ), but inversely correlated with MYCN amplification (P = .032, Table 1 ).
| RESULTS
3
|
Kaplan-Meier analysis revealed that NB patients with positive
LGP2 cytoplasmic immunostaining tumors had a higher likelihood of predictive 5-year survival than those with negative LGP2 immunostaining tumors (P = .027, log-rank test; Figure 4E ). In advanced stage, positive cytoplasmic LGP2 predicted a better survival probability for NB patients (P = .044, log-rank test; Figure S9 ). In addition to clinical stage, MYCN status, and histological grade of differentiation, multivariate analysis revealed that cytoplasmic LGP2 immunostaining could also serve as an independent prognostic factor of NB patients (Table 2) . In mammalian cells, low abundance of LGP2 is exhibited during steady-state conditions, and antiviral stimulation induces increased
| DISCUSSION
LGP2 expression. 26 LGP2 deficiency leads to susceptibility to infection by dsRNA viruses. [27] [28] [29] During infection with RNA virus, LGP2 mediates the activation of MDA5 and RIG-I, and alters RNA-dependent protein-protein interactions. 10 In the lymphoid organs, LGP2 is not essential for induction of innate immune responses, even if it could suppress CD95-mediated apoptosis signaling by promoting CD8 (+) T cell survival and fitness. 30 These studies reveal that LGP2 has a multifaceted function in the regulation of innate immune response.
Upregulation of LGP2 expression is observed in many types of cancer cells, including colorectal adenocarcinoma cells, glioblastoma cells, and head and neck squamous cell carcinoma cells, presumably to protect tumor cells from ionizing radiation-induced killing. 31 Our data showed that overexpression of exogenous LGP2 could sensitize NB cell death, particularly upon poly (I:C) stimulation. Using nuclear and cytoplasmic fractionation, immunoblotting and immunofluorescence staining, we found that most LGP2, MDA5 and RIG-I were localized in the cytosol after poly (I:C) administration. In cytosol,
LGP2 has been shown to modulate RLR signaling incorporation with MDA5 or RIG-I as LGP2 lacks CARD to activate MAVS. 7, 32 Moreover, we also observed a significant decrease in MDA5 and RIG-I in
LGP2-overexpressed NB cells upon poly (I:C) stimulation that may Our previous studies demonstrated that poly (I:C)-induced NB cell death involves the intrinsic mitochondrial apoptotic pathway. 16 Noxa and t-Bid can induce apoptosis by causing mitochondrial dysfunction. 33 The present study showed that LGP2 overexpression could increase the expression of Noxa and t-Bid and decrease the expression of Bcl-2. Noxa has been shown to be essential for MDA-5-and RIG-I-initiated apoptosis. 18 Furthermore, Noxa-mediated apoptosis induced by modified vaccinia virus Ankara was found to be through MDA5/RIG-I/MAVS signaling. 34 In human melanoma cells, MDA5 and RIG-I activate Noxa to induce the IFN-independent and p53-independent pro-apoptotic signaling pathway. 18 It has also been shown that LGP2 facilitates the MDA5-RNA interaction. However,
LGP2 accumulation could interfere with MAVS to block MDA5 signaling. 20, 26 Except for MAVS, the downregulation of the mRNA levels of Bcl-2/Noxa/t-Bid by overexpressed LGP2 and poly (I:C) treatment was less evident than for protein levels, suggesting that
LGP2 might induce cell death through Bcl-2/Noxa/t-Bid pathway via translational rather than transcriptional regulation.
Laboratory of genetics and physiology 2 has been defined as a cytosolic RNA sensor that preferentially binds double-stranded RNA. 6 After poly (I:C) stimulation, we found that LGP2 is localized 
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